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SUMMARY 

An investigation has been conducted in the Iangley 4- by  4-foot 
suFersonic  pressure  tunnel a t  Mach numbers  of 1.41 and 2 . 0 1 t o  determine 
she s t ab i l i t y  end control  charecteristics of a canad-controlled air- 
plane  configuretion having potentially high values of 133%-drag rat io .  
The ccm-igurations irvestigeted  included  both a plane and a twisted w i n g  
with apcroximacely 67' of  sweep and an aspect  ratio of 2.91 and three 
tra?ezoi&l canerd surfaces having ra t ios  of exposed area t o  w i n g  mea 
of 0.032, 0.076, and 0.121. 

Ehch of the configurations  investigated  indicated a tendency towerd 
longitudinal  instability at  high lifts that might limit  the maxinnun 
tr-d lift-drsg rat ios  L/D t o   v d u e s  less than those potentially 
aveihble .  Far example, the maximum trimmed value of lift-drag ratio 
obtaineble  without  high-liTt  instability was 8.2 for a law-lift s t e t i c  
=gin of X) percent at a NIch number of 1.41 fo r  the conf igura t ia  w i t h  
the  twisted w i n g  and smallest control. This value conpares wi-th the 
maxinm trimmed value of 9.15 obtained  for a low-lift s t a t i c  margin of 
11 2ercent  but  instability  occurs for lift coefTicients  just above that 
for  meximum l i T t - d r a g  ra t io .  

For low stability levels the maxb.m,un values of trimmed L/D were 
highest with the small canard, whereas fo r  high s tab i l i ty   l eve ls   the  
values of tri;lpled L/D w e r e  higher  with the M g e  cana,rd.s. 

INTRODiiCTION 

Recent investigetiom conducted i n  the langley 4- by 4-foot  super- 
sonic  pressure  tunnel at  Mach numbers  .of 1.41 and 2.01 have indicated 
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relatively  high  values  of aaxinum lift-drag  ratio  for a wing-body  con- 
figuration  havipg a highly  swept w i n g .  Inasmuch as the attaiment of 
high  lift-drag  ratios  is  essential  for  obtaining II?&XICNIP range  beneflts 
for supersonic  aircraft, the  investigation has been  extended to deter- 
xine  the  extent  to  which  the  lift-drag  ratios  obtained  for  the  wing- 
body combination  would  be  affected  by the addition of stabilizing and 
controlliq surfeces. A canard  pitch  control  was  selected  since the 
resulks  of  other  investigations  (ref. 1, for exqple) have  indiceted 
that  c&n&rd  controls nay reduce  the  Losses  in  lift-drag  ratio  due to 
triming . 

The configurations  investigated  included a plane  wing  and  a  twisted 
wing  having  highly  swest plan fo rm.  Three  different c-d surfaces 
having  trapezoidal elan foms were  investigated and a  single  swept body- 
nounted  vertical  tail was employed. 

The  results  are  ?resented as force  and maanent coefficients  referred 
to the  stability  axis  system  with  the  moment  reference poht at bow 
station 21.97. 

cL 

CD 

lift coefficient, - Lift 
%T 

pitching-mment coefficient, Pitchim lrronent 
q%% 

sW wing  area  including  body  intercept 

sC emosed. m e a  of casard  surface 

- 
P 
-W wing ram geametric  chord 

C local  chord 

9 free-strearr  dynamic p-essure 

2 dis+,ence  from  canard  nidchord  point to n0nen-b reference 
poi=% 
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M Mach nmiber 

(&,, a C L j 0  longitudiaal  stabil i ty parameter measured et CL and 
6, = 0 

U angle of ettads, deg 

% cenard deflectfor,  positive when t r a i l i ng  edge is down, deg 

SCZ 
SW% 
- canard volume coefficient 

canerd pitch  effectiveness 

Subscripts: 

W 

0 

win@; 

zero lift 

rmac Ireximm value 

trFn value at  C, = 0 

C q o r e n t s  : 

9 b o w  

W w i n g  

v ver t ica l  tail 

C c-d surface 

Detsils ol" the &el are shown in figure 1 and the geametric 
chmacterist ics are given in  teble I. A photograph of the model is  
shown in figure 2. Coordinetes for the  azea-rule-tEe body me given 
in teble 11. The -del was tes ted with plane and twisted w i n g s  that 
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were  composed of NACA 6511 series  sections  with  thickness  ratios  of 4 per- 
cent at the  root and 3 percent  at  the  tip.  The  wings had sweep  angles of 
about 67' ard. aspect  ratios  of 2.91. The  twisted wing eqloyed a linear 
twist to 4' washmt at the tip.  The  vertical-tail and canard  surfaces 
had  hexagonal  sections azd had a thickness  ratio  of 3 percent.  Three 
sizes  of  canard  surfaces  were  tested;  these  were  designated as smll, 
mediu-3, and large end had  ratios  of eqosed areE to wing  area  of 0.032, 
0.076, ard 0.121, respectively.  The  force and moorrent data  were  obtained 
througk the use of a six-colrrponent internal  strain-gage  balance. 

The  tests  were =de at Mach nmibers  of 1.41 and 2.01 with a stagna- 
tion pressure  of 10 pounds per  square  inch and a stagnation twerature 
of 100' F. !Jke demolnt was maintaired  sufficiently law (below -25' F) 
so that nc  condensation  effects  were  encountered ir the  test section. 
The -le of attack  was  corrected for the  &flection of the  balance and 
sting under lcad. The  base  pressure w a s  measured and the drag was 
adjusted to a base presstlre equel to free-stream  statlc  pressure. 

The estimated accaacy of the  individual  measured Tamtities based 
on  repeatability and zero  shifts is as follows: 

cL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m.0017 
cD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s.0003 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m.0003 
a , d e g . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO. 1 
sc,aeg . . . . . . . . . . . . . . . . . . . . . . . . . . .  m.1 

The  tests  were  made through an mgle-of-at%ack  range frop about -4' 
to about IT0 at zero sidesup. The twisted  wing wee tested  with  the 
small, mediun, and large  canard  surfaces only a+, a bkch nuniber of 1.41. 
The plme wing  with  the  medium  canazd  surface  was  tested  at Mach E=- 
Sers  of 1.41 an& 2.01. 

DISCUSSION 

Effects  of  Cocrponects 

The aerodynmic ckeracteristics in pitch at M = 1.41 for  the 
twisted-wing  configuration m e  presented  in  figure 3 for various  combina- 
tions  of  ccmponent perts a d  i n  figure 4 for  various  canard  surface sizes. 
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The maxin?um lift-&ag ra’cio obtained for the  basic --body COlIbination 
is about 10.2. (See fig.  3( a). ) The addition of the  vertical  teil 
causes a slight  increase in emun drag and a decrease i n  msxim~m L/D. 
(See fig.  3(d).) The &ition of c-d surfaces  causes  further  increases 
i n  m i n i m u  drsg and the values of maximun L D become progressively 
lower as  the  canma  size i s  Fncreased ( f i g  . ((b) ) ; thus, for  the complete 
configurations the maxinnun velues of L/D are about  9.2  with  the small 
cena;rd and about 8 .1wi th  the  large c m d .  

The pitching-monent results  indicate a tendency toward reduced sta- 
b i l i t y  at high luts or high aagles of attack even for the wing-body 
configuration.  (See f igs .  3(a) and 3( c). ) This tendency toward reduced 
s tab i l i ty  with increasing lift could resul t  in a Ditch-up condition for 
lower s ta t i c  nargins. The addition of canard  surfaces results in a fur- 
ther fiecrease i n  1ongitudFna.l s tab i l i ty  Esa consequently the  pitch-up 
tendency  becanes progressively worse as the canard size  increases. (See 
f ig .  4( a). ) 

The effects of component p&s for  the plane-wirg  configuration a t  
M = 1.41 (f ig .  5) are similar t o  those for the  twisted w * w  but M i -  
cate that the meximum values of L/D are slightly loner for the  plane 
wing Z~ELII fo r  the  twisted w i n g  primarily because of the higher drag due 
t o  l i f t  for the  plane wing. 

The effects of  component parts for the plane-wirg  configuration at 
M = 2.01 (f ig .  6) are simi- t o  those f o r  M = 1.41 except that the 
maxinun values of L/D aze  reduced pimezily beause of the  decrease 
in  lift-curve  slope and the  increase in drag due t o  l i f t  with  increasing 
Mech  number. 

mfects of Control  Deflection end Winning 

The effects of cortrol  deflection on the aeroaynenic characteristics 
in  pitch for the twisted-wing  configuration at M = 1.41 are presented 
i n  figures 7, 8, and 9 f o r  the small, medium, and lsrge caskrd  surfaces, 
respectively. The effects of control  deflection for the  corfiguration 
w i t h  the plane w i n g  and medium canezd surface  ere shown in  f igure 10 
for M = 1.41 and in figure ll for M = 2.01. 

Since  these  results  are  for a constant  center-of-gravity  gosition 
(body station 21.97), it is obvious that  the  level of s t ab i l i t y  as well 
as the  control  effectiveness would change as the canard s ize  changes. 
The varietion of control D i t c h  effectiveness Cn, end static  longitudi- 

U 

-1 stabil i ty (acm/ac,)o with cenard volume coefficient - sc2 is shown 
%% 
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in  figure 12 for  the  cmfiguration with the twisted w i r g  et M = 1.41. 
The esthated  veriations were obtained  by the  mthod of reference 2 and 
do aot  include  interference  effects between the canard surfeces and the 
wing. T.2 experimentally  determined variations of 

w i t h  canard voliune coefficient  are i n  reasonably goo0 egreenent with the 
estimated  variations except for  the higher canard v o l m  coefficients 
where the experirrental  values indicate a greater  increase Ln and 

a greater decrease i n  ( a C & I C L ) o  than e s t d t e d .  This , m a y  be the result 
03 &z1 interferelrce  effect of the ca.na.rd-surface flow f i e ld  on the wing 
w5ereia the  increase in canard size causes an incresse in downwash a t  
the wing such that the w5ng l i f t  and w i n g  contribution t o  pitching 
m m n t   m e  reduced. 

%j (aC,PCL)() 

c% 

The maxinun tr- values of L/D es a function of s te t ic   e tab i l i ty  
near  zero l i f t  ac & are shown in figure 13 for each of the con- 

plete  coafigurations  investigated. These values were obtained frm 
the data preserted  in  figures 7 t o  l l  for vaxious mbitrary  s tabi l i ty  
levels. For stabil i ty  levels where the  values of mwcimm L/D occur- 
red  for  control  deflections  other then those  tested,  the  values were 
obtained by assuming a lineer variation of pitching mment  and lift- 
dreg ra t io  w i t h  canard &flection. 

( 4 0  

As w m l d  be expected, the  values of maxim trirmned L/D decrease 
as the  stabil i ty  level is increased for  all. configur&tions. The effect  
of increasing the canard surface  size  for  the  twisted-w3g configure- 
t ion at M = 1.41 (flg. 13(a)) i s  t o  decrease  the rete a t  which the 
mxbuun trimred L/D changes with stability  level. However, there is  
e considerable  decreese in  L/D with increasing cenard size  for the 
zero stabil i ty  level,  L/D vaqyiq frm about 10.2 for  the small canard 
t o  about 8.7 for  tlze large canard. However, for  eech configuration, a 
stabi l i ty   level  @Cl,/aCL)o = -0.20 is require6 t o  avoid instabil i ty at 

high l i l ts ,  and for t5is condition  the maximum t r b e d  L/D is about 8 
regerdless of the ca.m.rd s ize .  For hig;?er s tab i l i ty  levels the maximum 
z r i m d  L/D generally becomes higher as the canard size is  increesed. 

W i n g  t w i s t  had l i t t l e   e f f e c t  on the variation of maxim L/D w i t h  
stekility  level  for  the  codiguretion with the medium cenard (fig.  l3(b)) 
but, because c.0 is sositive, did provik an increnent in meximum trimmed 

L/D of about 1. Increesing  tbe Mach rider t o  2.01 for the plane-wing 
configuratim  results in E further decrease in  the rraxhm values of L/D 
throughout t3e  stabil i ty range. 



NACA FU4 L58E20 - 7 

Although the values of L/D indicate6  for  these  configuretions m e  
relatively high, the  fact  is nonetheless  disconcerting that none of the 
configurations could  be trim& to  their   highest   potential  L/D wfthout 
the occurrence of instabi l i ty  ai high lifts. For example, the configura- 
t ion with the  twisted w i n g  and small c&nard at  M = 1.41 (f ig .  7) could 
be trlmrred t o  i t s  lrj~wcslaun L/D of 9.15 w i t h  6, = Oo, end a s t a t i c  mar- 
gin near zero l i f t  of 11 percent E ,  but  instabil i ty occurs at lift coef- 
f ic ie r ta   jus t  beyond that for  maxirrnua L/D. Tnis  value wuuld be a signifi- 
cant increese ia L/D above the value of 8.2 obteined fo r  a low-lift 
s t a t i c  margin 03 about 20 percent E that is required in order t o  evoid 
instsbi l i ty  at high lifts. (See figs.  7 and 13. ) Hence, every effort 
should  be made to find means t o  linearize  the moment variations  for con- 
figuretions of th i s  type in  such a way that the maxirrmm L/D potential 
night be realized. 

CONCLUDING BEHAFXS 

An investigation has been con6ucted in the Langley 4- by 4-foot 
supersonic  pressure  tunnel a t  Mach  numbers of 1.41 a d  2.01 t o  determine 
the s tab i l i ty  end control  characteristics of various  canmd-controlled 
atrplene  configurations heving e potentially high value of lift-drag 
ratio.  The configmetions  investigated  included both e plane and a 
twisted wing with approximately 670 sweep and aspect ratios of 2.91 a d  
three trapezoidal canard surfaces heving rat ios  of exposed area t o  wing 
azee of 0.032, 0.076, and 0.121. 

The results of the investigation  indicated that none  of the configu- 
retions could  be trimrred to their best lift-drag ratio without the occur- 
rence of 1ongitudina.l instebi l i ty  at high lifts. For exemple, the con- 
figuration with the twisted w i n g  and smll canard at M = 1.41 could 
be trinzned to a maximum lift-drag ra t io  L/D of 9.15 with e s t a t i c  mar- 
gin at low lifts of ll gercent  but  instability occurs at l i f t  coefficients 
Just beyond %ha* for maximum L/D. The maximum value of L/D obtain- 
able without instabi l i ty  occurring at  high l if ts  was about 8.2 at a low- 
l i f t  s t a t i c  -gin  of about 20 gercent. 

For low sbbi l i t y   l eve l s  the msxirmm values of trbmed L/D were 
highest w i t h  the small cancra, whereas for  high s teb i l i ty  levels the 
values of trbmed L/D were higher with the larger canards. 

Laagley Aeronautical Laboratory, 
National Advisory Comnittee for Aeronautics, 

Langley Field, Ve., April 29, 1958. 
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TABLE I . . GEObETRiC CH.AFtACTEZiSTICS OF AIRPLANE CODFIGURATION 

w i n g  : 
Total area. sq in, . . . . . . . . . .  
Spa. i n  . . . . . . . . . . . . . . .  
Hesn geometric chord. i n  . . . . . . .  
Taper rztio. inbomd . . . . . . . .  " 

Taper ratio. outboard . . . . . . . .  
Leadiw-edge sweep. icboezd.  de& . . 
Leading-edge  sweep. oukboc%rd. deg . . 
Airfoil  sectioE . . . . . . . . . . . .  
Thickness ratio.   root.   prcent chord 
Thichess  rakio.  tip.  percent chord . 
Aspect r a t io  . . . . . . . . . . . .  

. . . . . . . . . .  198.00 . . . . . . . . . .  24.00 . . . . . . . . . .  10 . 73 
0 333 . . . . . . . . . . .  0.500 . . . . . . . . . .  67.0 . . . . . . . . . .  61.7 . . . . . . . .  NACA 65A series . . . . . . . . . .  4.0 . . . . . . . . . .  3-0 . . . . . . . . . .  2.91 

. . . . . . . . . .  

. 

Body : 
Length. In . . . . . . . . . . . . . . . . . . . . . . . .  
Maxhm cross-sectionel =ea. sq i n  . . . . . . . . . . .  
Dim-eter of equLivalent circle. i n  . . . . . . . . . . . .  
Length-diaxeter rakio . . . . . . . . . . . . . . . . . .  
Bese me8. sq 5n . . . . . . . . . . . . . . . . . . . .  

Vertical tai l :  
Area t o  body center  line. sq i n  . . . . . . . . . . . . .  
Tipchord. in  . . . . . . . . . . . . . . . . . . . . . .  
Root chord. in  . . . . . . . . . . . . . . . . . . . . .  
Taper r e t io  . . . . . . . . . . . . . . . . . . . . . . .  
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . .  
Assect rctio.  panel . . . . . . . . . . . . . . . . . . .  
Leadillg-edge  sweep.  deg . . . . . . . . . . . . . . . . .  
A3rfoil  section . . . . . . . . . . . . . . . . . . . . .  
Thickness rstio. Dement chord . . . . . . . . . . . . .  

Canzsd surf ace : 

Area.  exposed. sq in . . . . . . . .  
span. tOt21. i n  . . . . . . . . . .  
Tip chord. i n  . . . . . . . . . . .  
Root chord et center  line.  in . . .  
Taper r a t io  . . . . . . . . . . . . .  
Leading-edge  sweep.  deg . . . . . . .  
Midchord  sweep.  deg . . . . . . . .  
Retio 03 exposed area t o  wing area 

39 00 
6.072 
2.78 
1& .03 
2-99 

40.15 
3.16 
10 .82 
0.29 
5.74 
0.82 
65.0 

Hexagonal 
3.0 

. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  

sm11 
6.32 
4.64 
L . 36 
3 -39 
0.41 
23.2 

0 
0.032 

Medium Large 
14.96 23.92 
6.58 8.00 
1.88 2.28 
4.69 5.71 
0.41 0.41 
23.2 23.2 

0 0 
0.076 0.121 

. 
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TABU Ii.- BODY CGOKOIJ!IA!TXS 

sow 
station, 

in. 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

12 
13 
14 
15 
16 
17 
18 
19 
20 

11 
" 

Radius, i n .  

Dhjor axis 
~~~~~ ~ 

0 
297 
.492 
655 
799 
.928 
1.045 
1.151 
1.248 
1 - 337 
1.418 
1.4.92 
1 559 
1.620 
1.666 
1.666 

I. 609 
1.531 
1.482 
1.399 

1.645 

Minor axis 
~~~ ~ ~~ 

0 
.198 
.328 
437 
533 
.619 
.696 
767 

.891 
945 
995 

1.040 
1.080 
1.116 
1.149 
1 175 
1.190 
1.195 
1 195 
1 195 

.832 

Body 
stat ion, 

iE . 
~ 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

EACA R*I ~58320 

Radius, in .  i 
Major axis 

1.325 
1.257 
1.198 
1.211 
1.260 
1- 332 
1.446 
1.514 
1.542 
1.554 
1.534 
1.489 
1.433 
1 369 
1 303 
1.231 
1.155 
1.067 
975 

Minor a i s  i 1 



Canard  dimensions 
Smal I Medium  Large 

11 

Span 4.64 6.58 7.9 9 
Root  chord (Q 3.33 4.64 5.69 
Tip chord 1.3 7 1.9 0 2.31 

1 w $ l  r.03~ 6 
"f- 

Section A-A Section B-B Section C-C 

t-3.16 

C 
I 

21.97 
39.0 0 

F i w e  1.- CetaFls of model wlth plane wing and n e d i u  c a w d .  All 
l i n e a  dimensions axe i n  inches. 



Figure 2. - Photograph of model with medium c u d .  L-57-3254 
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.5 

.4 
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-3 
-8 4 0 4 8 12 16 20  24  28  32 " 

Q, &g 

(a) Vasiation of C, m d  CL with a. 

CL 

Figure 3. - Aerod.ymmic character is t ics   in  pi tch f o r  vmious conbi-nations 
of cmyonent pwts .  Twisted wing; medium C-dj M = 1.41; 6, = 0'. 
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(b ) Variation of CD with a. 

Figure 3 . -  Continued. 
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( c )  Variation of C, end a with CL. 

Figure 3. - Continued. 
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(6) Variation of CD and L/D with CL. 

Figure 3. - Concluded. 

NACA RX ~ 5 8 ~ 2 0  
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CL 

(a) Vmis.tion of C, and a with CL. 

Figwe 4.- Effect of canmd s ize  on aerodynamic chazacteristics i n  pitch. 
Twisted wing; ver t ica l  teil or; M = 1.41; 6, = 00. 
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(b) Variation of L/D and CD with CL- 

Figure 4.- Concluded. . 
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(a) Variation of: Cn md CL w i t h  a. 

CL 

F i w e  5.- Aerodynamic chzracteristics i n  pitch fo r  m i o u s  combinations 
of cozpo_n_ent pwts. Plane wing; n e d i u  c m d ;  M = 1.41; 6, = Oo. 
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NACA RbI 358~20 

" 
-8 -4 0 4 8 12 16 20 24  28 32 
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(b) Variat ion of CD with a. 

Figure 5.- Continued. 
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(c) Vaziation of C, and a with CL. 

Figure 5.- Contimed. 
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(d) Variation of  CD and L/D with CL- 

Figure 5.- Concluded. 
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(a) Varietion of C, and a w i t h  CL. 

Figure 6.- Aerodynmic charecteristics i~ pitch fo,r vmious co&inations 
of compollect parts. Plme wing; nediun camrd; M = 2.01; 8, = 0'. 
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(5) Varriation of L/D and CD with CL. 

Figure 6. - Concluded. 
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(a) Veriation of Cm and a w i t h  CL. 

Figure 7.- EZfect of control  deflection on the aerodynanic chazacteris- 
t i c s  io pitch. Smll canard; twisted W b g j  vert ical  teil on; 
M = 1.41. 



26 NACR FDI L38E20 

IO 

8 

6 

4 

2 

0 

-2 

-4 

-6 

-8 

c 

CL 

(b) Variation of LID w d  CD with CL. 

Figure 7.- Concluded. 
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(a)  Vmiation of Cm m d  a vi th  CL= 

F i g r e  8.- Effect of coEtrol  deflection on the aerodynanic  cherracteris- 
t i c s  i n  pitch. Medium canard; twisted w h g ;  vertical tail on; 
M = 1.41. 
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(b) Variation of L/O and CD wi-Lh CL. 

Figare 8. - Concluded. 





(b) Variation of L/D and CD wit'n CL. 

F i g z e  9 .  - Concluded. 
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( 5 )  Vmiatron of C, and a w i t h  CL. 

Figure 10.- Effect of control  deflection on the  aerodyndc  charzcteris-  
tics i n  pitch.  Eedim canard; p lme  wing; ver t ical  t a i l  on; 
E! = 1.41. 
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jb) Vaziation cf L/D and CD with CL. 

Fi@re 10. - Concluded. 
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F i e y e  11.- Effect of control  Sieflection on the eero-c chazecteris- 
tics i n  pitch. Medium canard; plsne wing; ver t ica l  t a i l  on; 
11 = 2.01. 
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(b) Variation of L/D a ~ d  CD w i t h  CL. 

Figure 11. - Concluded. 
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F i v e  12.- Vzriztion of con-trol  ?itch  efTectivecess and static longitu- 
d i r ? ~ L  s t E b i l i t y  wizh c m w d  vohme ccefficiezt.  Twisted wing; cox- 
2 1 ~  te c m T i v e t i o n ;  hi = 1.41. 
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Figure 13.- Trimmed mirmun lift-drsg-ratio characteristics as a func- 
t ion  of s t a t i c  longitudinal s tab i l i ty  f o r  complete configurations. 

NACA - Langley Field, VJ. 



t 


